A new compound (1), named diaporthelactone, together with two known compounds (2 and 3) were isolated from the culture of Diaporthe sp., a marine fungus growing in the submerged rotten leaves of Kandelia candel in the mangrove nature conservation areas of Fugong, Fujian Province of China. The new compound was elucidated to be 1,3-dihydro-4-methoxy-7-methyl-3-oxo-5-isobenzofuran-carboxyaldehyde (1), which showed cytotoxic activity against KB and Raji cell lines (IC 50 6.25 and 5.51 lg mL À1 , respectively). Two known compounds, 7-methoxy-4,6-dimethyl-3H-isobenzofuran-1-one (2) and mycoepoxydiene (3), were also demonstrated to exhibit cytotoxic activities for the first time. All three compounds were assessed for antimicrobial activity.
Introduction
Lignicolous fungi are an important group of marine fungi. Generally, they consist of those fungi with the ability to degrade fiber, as derived from marine algae, mangrove plants, seaweeds and rotten wood [1] . Marine lignicolous fungi live on various fibered materials and limited nutritional sources. In order to retain their predominance, they adopt chemical means as part of their competitive mechanisms. The metabolites they produce may therefore possess various bioactivities [2] . Recently, the isolation from marine woody fungi of many new bioactive compounds including humicolone [3] , phomopsidin [4] [5] [6] , neomangicols A-C and mangicols A [7, 8] has been reported. This paper describes the isolation, structure elucidation, and anticancer and antimicrobial activities of three metabolites (1, 2 and 3) from the marine lignicolous fungus, Diaporthe sp. which grows on the submerged rotten leaves of Kandelia candel in the mangrove nature conservation areas of Fugong, Fujian Province of China. The systematic identification of the fungus is also discussed.
Materials and methods

The isolation and identification of a marine lignicolous fungus
The marine lignicolous fungal strain HLY2, which is stored in the China Center for Type Culture Collection (Wuhan) under CCTCC No. 204061, was isolated from the submerged leaves of K. candel collected in the mangrove natural conservation areas of Fugong, Fujian Province, southeast China in 2002. After being washed with top water to remove the surface mud and sand, the collected plant materials were air dried for 10 days. The dry leaves (0.5 g) were cut into small pieces and sterilized for 10 min in 75% EtOH. After washing off the residual EtOH with sterile distilled water, the leaf materials were homogenized exhaustively with a mortar in 2 ml sterilized water to produce a suspension which (0.2 ml) was spread onto a petri dish of 50% stored seawater PDA media containing 50 mg L À1 gentamycin and incubated at 25°C. The colonies were picked and inoculated onto a slant of 50% stored seawater PDA media.
Fungal identification was carried out on the basis of the ITS sequence of rDNA. Using ITS1 primer (5 0 -TCCGTAGGTGAACCTGCGG-3 0 ) and ITS4 primer (5 0 -TCCTCCGCTTATTGATATGC-3 0 ), the ITS1-5.8S-ITS2 region was amplified by PCR and subsequently sequenced for comparison with GenBank.
The strain HLY2 was inoculated into liquid media containing carboxymethyl cellulose (CMC) as the sole carbon source and cultured for 3 days on rotary shaker at 25°C. The activity of cellulolytic enzyme reached 550 U (1 U is defined as degrading CMC to produce 1 lg reducing sugar by 1 ml fermentation broth per minute). After 7 days cultivation, the fresh mycelia weighed 12.5 g 100 ml À1 .
Fermentation and isolation of compounds
The fungus was cultured in potato-dextrose (PD) liquid media containing 50% (v/v) sea water for 7 days at 25°C in a rotary shaker (120 rpm). The mycelia were separated by filtration, and the filtrate was extracted twice with an equal volume ethyl acetate. The combined organic solution was concentrated under vacuum to produce a crude extract. The extract was subjected to column chromatography over silica gel, eluting with a gradient of cyclohexane-ethyl acetate and methanol to yield 20 fractions. Two different crystals were obtained from fractions 6 and 7 in methanol. Those two crystals were further purified by re-crystallization in methanol to yield compound 2 as a colorless prism crystal and compound 1 as a milky feather-like crystal. Fraction 8 was subjected to further column chromatography over silica gel, eluting with a gradient of cyclohexane-chloroform and methanol, to yield 18 fractions. From the seventh of these fractions, compound 3 was obtained as colorless needles in methanol.
Cell culture and cytotoxicity study
Human tumor cell lines Raji and KB were purchased from the Cell Line Bank of the Chinese Academy of Sciences and donated by Anticancer Center, Xiamen University. All the cell lines were cultured in RPMI1640 media supplemented with 10% heat-inactivated fetal bovine serum, 100 U ml À1 penicillin, 80 U ml À1 kanamycin and 100 U ml À1 streptomycin. Cultures were maintained in a humidified incubator at 37°C in an atmosphere of 5% CO 2 . The cytotoxic effect of the three compounds was tested using the protocol (the MTT assay) described by Mosmann [9] . The optical density of the wells was measured with a microplate reader (M-3350, Bio-Rad) at 595 nm with 655 nm as a reference. Growth inhibition rate was calculated by the following equation:
IC 50 is defined as the concentration of compounds that resulted in (at least) a 50% inhibition of growth rate.
Detection of antimicrobial activities
The minimal inhibitory concentrations (MICs) were determined by 96-well microtitre plate assay in LB or PD liquid media seeded with a 10 5 cells and/or conidia ml À1 suspension of the tested bacteria or fungi. The compounds were dissolved in methanol at 1 mg ml À1 , followed by twofold dilutions and applied to 96-well plates. Microbial growth was observed after incubation at 37°C for bacteria (24 h) and at 28°C for fungi (48 h). The following test strains were used: Bacillus subtilis (ATCC9372), Escherichia coli (ATCC25922), Aspergillus niger (ACCC30005) and Alternaria alternata (AS25.538).
Spectroscopic measurements
X-ray crystallographic data were collected on an Enraf-Nonius CAD-4 diffractometer equipped with a graphite monochromator Mo Ka radiation (k = 0.7013). Total independent reflections were collected by the x-2h scan technique at room temperature, and the structure was solved by direct methods that yielded the positions of all non-hydrogen atoms, and which were refined with anisotropic thermal parameters. All hydrogen atoms were generated through assuming idealized geometry, assigning appropriate isotropic thermal parameters, and allowing to ride on their parent atoms. The computation was performed on a PIII-600 compatible PC with the SHELX97 for full-matrix least-square refinement.
Nuclear magnetic resonance spectroscopy was taken on a Bruker DRX-500 instrument using deuterated organic solvents. The mass spectra were taken on a Bruker Esquire 3000 Plus mass spectrometer.
Results
Structure elucidation
From the ethyl acetate extract of the culture broth, compounds 1, 2 and 3 were isolated and purified by column chromatography and re-crystallization. Their structures were determined from NMR and MS data, and confirmed by X-ray analysis.
Compound 1
After re-crystallization, 1 was obtained as milky feather-like crystal. But it was too soft to be analyzed by X-ray. The structure was elucidated based on the ESI-MS, 1 (Fig. 1) . The 1 H NMR (Table 1) showed the presence of a methoxyl (d 4.28), an oxygen-substituted methylene (d 5.55), a formyl (d 10.01) and an aromatic methine (d 7.91). Combining all the data of ESI-MS, DEPT, 1 H and 13 C NMR, compound 1 was determined to be 1,3-dihydro-4-methoxy-7-methyl-3-oxo-5-isobenzofurancarboxyaldehyde (Fig. 2) , a new isobenzofuran derivate and named as diaporthelactone.
Compound 2
Crystalline compound 2 appeared as colorless prisms. The structure was elucidated to be 7-methoxy-4,6-dimethyl-3H-isobenzofuran-1-one (C 11 H 12 O 3 ) by X-ray crystallography (Fig. 3) . Its crystal data were described in [10] .
Compound 3
Compound 3 was purified and re-crystallized as colorless needle-shaped crystals. Its structure was elucidated by X-ray crystallography, and the crystal data were in good agreement with those of mycoepoxydiene [11] . The compound exhibits a special skeleton of oxygenbridged cyclooctadiene as shown in Fig. 4 . Its crystal data are shown in Table 2 .
Cytotoxic and antimicrobial activities of 1, 2, 3
The cytotoxic and antimicrobial activities of the three compounds are shown in Table 3 . The results revealed that all three displayed cytotoxicities against some cell lines. The new compound diaporthelactone (1) showed inhibition activities against KB and Raji cell lines with an IC 50 of 6.25 and 5.51 lg ml À1 , respectively. Compound 2 inhibited KB and Raji cell lines with an IC 50 Fig. 1 . The electronspray mass spectrum of compound 1. of 59.6 and 8.7 lg ml À1 , respectively, and compound 3 inhibited the KB cell line with an IC 50 of less than 6.25 lg ml À1 . To different indicator microbial strains, different antimicrobial activities were observed for the three compounds. Compound 1 showed inhibitory activity against Aspergillus niger with MIC 50 lg ml À1 . Compound 2 inhibited Alternaria alternaria with a MIC of 100 lg ml À1 , and compound 3 inhibited Bacillus subtilis with the MIC of 100 lg ml À1 .
Identification of fungus
The strain HLY2 grew well on PDA media (containing 50% sea water) at 25°C. After 10 days of culture, it produced black sclerotia on the white mycelia. No spores were observed after incubation for about two months. By sequencing the ITS rDNA of HLY2 and comparing it to the sequences in GenBank, HLY2 was identified as being closely related to Diaporthe phaseolorum (Accession No. AF001023), displaying 99% similarity.
Discussion
Strain HLY2 was isolated from the rotten leaves of K. candel and its capacity to degrade CMC was observed through culturing in liquid media with CMC as the sole carbon source, indicating that this strain is a lignicolous fungus. The strain grew well with colorless colony and black sclerotia on PDA media. No spores were produced even after about two months incubation, indicating that this fungus may belong to non-sporulating fungi or mycelia sterilia [12] . Based on a similarity comparison of ITS sequences, HLY2 was identified as a species of Diaporthe. However, we cannot conclude that HLY2 is D. phaseolorum, even though it displays 99% sequence similarity with D. phaseolorum, because there are no definite criteria for ITS rDNA nucleotide divergence for interspecific levels of Diaporthe at present.
The fact that HLY2 can be identified as Disported sp. by molecular techniques suggests that some fungi which do not produce spores in conventional cultural conditions may be rare fungi belonging to ascomycetous or basidiomycetes, which are studied for their valued bioactive natural products [13] . However, the potential value of these non-sporulating fungi is usually ignored because of their slow growth rate in shake culture. In recent years, a number of bioactive compounds from non-sporulating fungi have been reported: for example, podophyllotoxin, an antitumor antibiotic with DNA topoisomerase inhibition activity [14] , and myriocin, a serine palmitoyltransferase inhibiter [15] . These reports indicate that non-sporulating fungi are a promising source of natural bioactive agents. Three compounds (1, 2 and 3) were isolated from the fermentation broth of strain HLY2. Both 1 and 2 are isobenzofuran derivatives. Although they only differ in the substitution at benzene (Figs. 2, 3) , they showed great differences in bioactivities. Besides higher cytotoxic activity and antimycotic activity, diaporthelactone (1) showed faint inhibition of AchE as well (data not shown). Isobenzofuran derivatives play an important role in chemosynthesis [16] and their bioactivities have also been studied and applied in certain areas [17] . Recently, James et al. reported that pestacin, 1,3-dihydro isobenzofuran, possessed antioxidant and antimycotic activities [18] . In our study, diaporthelactone (1) and 7-methoxy-4,6-dimethyl-3H-isobenzofuran-1-one (2) showed high cytotoxic activities: diaporthelactone has the IC 50 6.25 and 5.51 lg ml À1 against KB and Raji cell lines, respectively, and 7-methoxy-4,6-dimethyl-3 H-isobenzofuran-1-one has the IC 50 8.7 lg ml À1 against the Raji cell line. These results indicate that they are both very promising compounds in the area of cancer therapy.
Mycoepoxydiene was first isolated from the fermentation broth of OS-F66617, a fungal strain obtained from the deadwood of forest in Brazil [11] . Its backframe was rare in natural products, so Ping et al. [11] considered that it represented a novel class of fungal metabolites. In that communication, mycoepoxydiene (3) was also isolated from the culture of a lignicolous fungus. It is yet unclear whether there is any relationship between the production of mycoepoxydiene and the lignicolous character of fungi. Prior to our work, there were not any reports concerning the bioactivities of mycoepoxydiene, only its organic synthesis was carried out [19] . Our experiments showed that mycoepoxydiene displayed high antitumor activity (IC 50 less than 6.25 lg ml À1 against the KB cell line) and was produced in high yield (0.8 mg L À1 in PDA fermentation broth). Mycoepoxydiene is a promising candidate for further study because of its unique structure, high activity and reasonable yield. 
